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COMPOSITE MATERIAL 

BACKGROUND OF THE INVENTION 

The present invention relates to a composite material 
having a substrate, Which consists of aluminum, having an 
intermediate layer, Which is located on the substrate on one 
side, and having an optically active multilayer system, 
Which is applied to the intermediate layer and comprises 
three layers, the tWo upper layers being dielectric and/or 
oxide layers and the bottom layer being a metallic layer 
Which has been applied to the intermediate layer. 
A composite material of this general type, as surface 

treated aluminum strip Which goes by the name of MIRO®, 
is in Widespread use for illumination engineering, daylight 
systems and decorative applications. The surface treatment 
serves to better protect the sensitive aluminum surface and 
to increase the light re?ectivity. The surface-treatment 
operation comprises tWo different processes, Which can both 
be operated continuously, speci?cally the production of the 
intermediate layer in a Wet-chemical process, Which is 
referred to overall as anodiZing and comprises electrolytic 
brightening and anodic oxidation, and the application of the 
optically active multilayer system in vacuo. The tWo upper 
layers are generally dielectric layers; the use of oxide layers, 
such as for example aluminum oxide or titanium oxide as the 
top layer, silicon dioxide as the middle layer, represents a 
preferred speci?c case. In connection With details of the 
knoWn MIRO® process, reference is made, by Way of 
example, to “elektroWarme international” 53 (1995) 
B4—November, pp. B215—B223. 

In general, When radiation impinges on an object it is split 
into a re?ected fraction, an absorbed fraction and a trans 
mitted fraction, Which are determined by the re?ectivity 
(re?ectance), the absorptivity (absorptance) and the trans 
missivity (transmittance) of the object. Re?ectance, absorp 
tance and transmittance are optical properties Which, 
depending on the Wavelength of incident radiation (eg in 
the ultraviolet region, in the region of visible light, in the 
infrared region and in the region of thermal radiation), can 
adopt different values for the same material. Kirchhoff’s laW, 
according to Which the absorptivity, in each case at a de?ned 
temperature and Wavelength, has a constant ratio to the 
emittance, is knoWn to apply to the absorptance. Therefore, 
Wien’s displacement laW and Planck’s laW as Well as the 
Stefan-Boltzmann laW are of importance for the 
absorptance, describing de?ned relationships betWeen radia 
tion intensity, spectral distribution density, Wavelength and 
temperature of a black body. Calculations should take 
account of the fact that the black body per se does not exist, 
and real substances each deviate in a characteristic Way from 
the ideal distribution. 

In the knoWn composite material, in particular the high 
re?ectance in the visible light region plays a role; this 
re?ectance is expressed by a total light re?ectivity, deter 
mined in accordance With DIN 5036, Part 3, With peak 
values of up to 95%. Moreover, in the knoWn material, 
Which is preferably supplied as a semi-?nished product, its 
excellent processability, in particular its deformability, 
should be emphasiZed. 

For certain applications, it may also be the case that in one 
Wavelength region of the incident radiation the highest 
possible re?ectivity is required, While in other regions the 
loWest possible re?ectivity but a higher absorptivity are 
required. This is the case, for example, in the ?eld of solar 
collectors, in Which a maximum absorptivity is required in 
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2 
the solar Wavelength region (approximately 300 to approxi 
mately 2500 nm) and a maximum re?ectivity is required in 
the thermal radiation region (over approximately 2500 nm). 
By Way of example, absorbers for ?at collectors in Which a 
composite material Which satis?es these requirements is 
used are knoWn under the name Tinox. This material com 
prises a substrate made from a copper strip, a layer of 
titanium oxynitride applied to the substrate and a covering 
layer of silicon dioxide. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is based on the object of providing 
a composite material of the type described in the introduc 
tion Which enables the absorptivity and re?ectivity to be set 
in a controlled and selective manner in different Wavelength 
regions. Furthermore, the composite material is also to be 
distinguished by good processability, in particular 
deformability, high thermal conductivity and high long-term 
thermal and chemical stability. 

According to the invention, this is achieved by the fact 
that the top layer of the multilayer system is a dielectric 
layer, preferably an oxide, ?uoride or nitride layer of chemi 
cal composition MeOZ, MeFr, MeNS, With a refractive index 
n<1.8. The middle layer of the multilayer system is a 
chromium oxide layer of chemical composition CrOx. The 
bottom layer of the multilayer system consists of gold, 
silver, copper, chromium, aluminum, nickel and/or molyb 
denum. In the above formulations, Me is de?ned as a metal 
and indices x, Z, r and s indicate a stoichiometric or 
non-stoichiometric ratio in the oxides, ?uorides or nitrides. 
The optical multilayer system according to the invention 

can be applied, advantageously, Without the need for envi 
ronmentally haZardous, in some cases toxic, salt solutions 
during production. For example, the metallic layer of the 
optical multilayer system may be a sputtered layer or a layer 
Which is produced by vaporiZation, in particular by electron 
bombardment or from thermal sources. The tWo upper layers 
of the optical multilayer system may likeWise be sputtered 
layers, in particular layers produced by reactive sputtering, 
CVD or PECVD layers or layers produced by vaporiZation, 
in particular by electron bombardment or from thermal 
sources. As such, the entire optical multilayer system com 
prises layers Which are applied in vacuum order, in particular 
in a continuous process. 

The top layer may alternatively be a silicon oxide layer of 
chemical composition SiOy, the index y once again indicat 
ing a stoichiometric or non-stoichiometric ratio in the oxide 
composition. 
The said processes advantageously also not only enable 

the chemical composition of the top layer and the chemical 
composition CrOx of the chromium oxide layer, With regard 
to the indices x, y, Z, r and s, to be set at de?ned, discrete 
values but also alloW a stoichiometric or non-stoichiometric 
ratio betWeen the oxidiZed substance and the oxygen to be 
varied continuously Within de?ned limits. In this Way it is 
possible, for example, to speci?cally set, by Way of example, 
the refractive index of the re?ection-reducing top layer, 
Which is also responsible for increasing the mechanical 
load-bearing capacity (DIN 58196, part 5), and the absorp 
tivity of the chromium oxide layer, the absorptance decreas 
ing as the value of the index x rises. 

According to the invention, it is in this Way possible to set 
a total light re?ectivity, determined in accordance With DIN 
5036, part 3, on the side of the optical multilayer system to 
a preferred level of less than 5%; in addition to a high 
resistance to ageing, it is also possible to ensure a high 
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thermal stability, in such a manner that, under a thermal load 
of 430° C./100 hours, only changes of less than 7%, pref 
erably of less than 4%, of the re?ectivity occur on the side 
of the optical multilayer system. Moreover, in the event of 
a thermal load of this nature, there is advantageously also no 
evolution of gases. 

The composite material according to the invention, on 
account of its synergistically acting combination of proper 
ties 

of the substrate layer, for example its excellent 
deformability, by means of Which it Withstands Without 
problems, stresses produced of the further processors 
during the shaping processes Which are to be 
performed, for example its high thermal conductivity 
and the capacity for a surface patterning Which in the 
solar Wavelength region additionally promotes absorp 
tion and is then folloWed by the other layers in relief, 
and moreover With a re?ectance in the thermal radia 
tion region Which reinforces the action of the metallic 
layer of the optical three-layer system; 

of the intermediate layer, Which ?rstly ensures mechanical 
and corrosion-inhibiting protection for the substrate 
and secondly ensures high adhesion for the optical 
multilayer system; 

of the metallic layer Which, on account of its constituents, 
Which have a high re?ectance and therefore a loW 
emission in the thermal radiation region, takes account 
of the fact that, according to the Lambert-Bouguer laW, 
the radiation characteristic is absorbed exponentially as 
the penetration depth groWs, and for most inorganic 
substances is available even at a very loW depth (less 
than approximately 1 pm) as thermal energy Which can 
be stored; 

of the chromium oxide layer, With its high selectivity of 
the absorptivity (peak values over 90% in the solar 
region, minimum values beloW 15% in the Wavelength 
region>approx. 2500 nm) and its capacity for modi? 
cation (index x) Which has already been explained, and 

of the top, in particular silicon oxide, layer, the advantages 
of Which have to some extent already been pointed out 
above and Which, in addition to its antire?ective action, 
also has a high transmittance and, as a result, increases 
the proportion of the radiation values in the solar region 
Which can be absorbed by the chromium oxide layer; 

is eminently suitable for absorbers for solar collectors and 
for other applications, for example as light absorbers 
used in the construction of motor vehicle headlights or 
other illumination devices. For example, using the 
composite material according to the invention, it is 
possible not only to produce loW-temperature collec 
tors With an operating temperature of up to 100° C., but 
also to produce high-temperature collectors. Steady 
temperatures of over 250° C. are possible; this term is 
in each case to be understood as meaning the maximum 
theoretically possible temperature of use at Which the 
material is in thermal equilibrium With the environ 
ment. 

Further advantageous embodiments of the invention are 
contained in the subclaims and in the detailed description 
Which folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is explained in more detail With reference 
to an exemplary embodiment illustrated by the appended 
draWing, in Which: 

FIG. 1 is a partial cross-sectional illustration through a 
composite material according to the invention. 
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4 
DETAILED DESCRIPTION OF THE 

INVENTION 

The embodiment described relates to a composite material 
according to the invention With a high selectivity in terms of 
the absorptivity and re?ectivity in the solar Wavelength 
region and in the thermal radiation region. 
The composite material comprises a substrate 1 Which is 

in strip form and is capable of undergoing deformation and 
consists of aluminum, an intermediate layer 2, Which has 
been applied to the substrate 1 on one side A, and an 
optically active multilayer system 3 Which has been applied 
to the intermediate layer 2. 
A total light re?ectivity, determined in accordance With 

DIN 5036, Part 3, on the side A of the optical multilayer 
system 3 is less than 5%. 
The composite material can preferably be in the form of 

a coil With a Width of up to 1600 mm, preferably of 1250 
mm, and With a thickness D of approximately 0.1 to 1.5 mm, 
preferably of approximately 0.2 to 0.8 mm. The substrate 1 
may preferably have a thickness D1 of approximately 0.1 to 
0.7 mm. 

The aluminum of the substrate 1 may in particular be 
more than 99.0% pure, Which promotes its thermal conduc 
tivity. 
The intermediate layer 2 consists of anodically oxidiZed 

or electrolytically brightened and anodically oxidiZed alu 
minum Which is formed from the substrate material. 
The multilayer system 3 in turn comprises three indi 

vidual layers 4, 5, 6, the tWo upper layers 4, 5 being oxide 
layers and the bottom layer 6 being a metallic layer Which 
is applied to the intermediate layer 2. The top layer 4 of the 
optical multilayer system 3 is a silicon oxide layer of 
chemical composition SiOy. The middle layer 5 is a chro 
mium oxide layer of chemical composition CrOx, and the 
bottom layer 6 consists of gold, silver, copper, chromium, 
aluminum and/or molybdenum. 
The indices x, y indicate a stoichiometric or non 

stoichiometric ratio of the oxidiZed substance to the oxygen 
in the oxides. The stoichiometric or non-stoichiometric ratio 
x may preferably lie in the range 0<x<3, While the stoichio 
metric or non-stoichiometric ratio y may adopt values in the 
range 1 éyé2. 
The fact that the tWo upper layers 4, 5 of the optical 

multilayer system 3 may be sputtered layers, in particular 
layers produced by reactive sputtering, CVD or PECVD 
layers or layers produced by vaporiZation, in particular by 
electron bombardment or from thermal sources, means that 
it is possible to adjust the ratios x, y continuously (ie to set 
them to non-stoichiometric values of the indices), With the 
result that the layer properties can in each case be varied. 
The top layer 4 of the optical multilayer system 3 may 

advantageously have a thickness D4 of more than 3 nm. At 
this thickness D4, the layer is already sufficiently efficient, 
yet the outlay on time, material and energy is loW. An upper 
limit for the layer thickness D4, in vieW of these aspects, is 
approximately 500 nm. An optimum value for the middle 
layer 5 of the optical multilayer system 3, in vieW of the 
abovementioned aspects, is a minimum thickness D5 of 
more than 10 nm and a maximum thickness D5 of approxi 
mately 1 pm. The corresponding value for the bottom layer 
6 is a thickness D6 of at least 3 nm, at most approximately 
500 nm. 

With a vieW to achieving high efficiency, the bottom layer 
6 of the optical multilayer system 3 should preferably be 
more than 99.5% pure. As has already been mentioned, the 
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layer may be a sputtered layer or a layer Which is produced 
by vaporization, in particular by electron bombardment or 
from thermal sources, so that the entire optical multilayer 
system 3 advantageously comprises layers 4, 5, 6 Which are 
applied in vacuum order in a continuous process. 

A loWer layer 7, Which—like the intermediate layer 
2—consists of anodically oXidiZed or electrolytically bright 
ened and anodically oXidiZed aluminum, is applied to that 
side B of the strip-like substrate 1 Which is remote from the 
optical multilayer system 3. The intermediate layer 2 and the 
loWer layer 7 may advantageously be produced simulta 
neously by Wet-chemical means, in Which case the pores in 
the aluminum oXide layer can be as far as possible closed off 
by hot-sealing during the ?nal phase of the Wet-chemical 
process sequence, resulting in a surface With long-term 
stability. Therefore, the loWer layer 7—like the intermediate 
layer 2—offers mechanical and corrosion-inhibiting protec 
tion to the substrate 1. 

A total light re?ectivity, determined in accordance With 
DIN 5036, Part 3, on the side B Which is remote from the 
optical multilayer system 3 may preferably be at least 84%. 

According to the invention, it is possible in particular to 
design the layer structure in such a manner that the total light 
re?ectivity, determined in accordance With DIN 5036, Part 
3, on the side A of the optical multilayer system 3 and/or on 
the side B Which is remote from the optical multilayer 
system 3, under a thermal load of 430° C./100 hours, 
undergoes changes of less than 7%, preferably of less than 
4%. 

The present invention is not restricted to the exemplary 
embodiment illustrated, but rather comprises all means and 
measures Which have a similar effect Within the scope of the 
invention. For example, it is also possible for the bottom 
layer 6 of the optical multilayer system 3 to comprise a 
plurality of partial layers of gold, silver, copper, chromium, 
aluminum and/or molybdenum arranged above one another. 
As has already been mentioned, the top layer may alterna 
tively also consist of ?uorides or nitrides. 

Furthermore, the person skilled in the art can supplement 
the invention With additional advantageous measures With 
out departing from the scope of the invention. For eXample, 
it is possible—as is also illustrated in the draWing—for a 
decorative layer 8 to be additionally applied to the side B 
Which is remote from the optical multilayer system 3, in 
particular to the loWer layer 7. This decorative layer 8 may, 
for eXample, be a mirror coating Which is metallic or 
consists of titanium nitride or other suitable materials Which 
can be used to impart not only a gloss but also a speci?c 
colour. 

Furthermore, the invention is not restricted to the com 
bination of features de?ned in claim 1, but rather may also 
be de?ned by any other desired combination of speci?c 
features of all the individual features disclosed. This means 
that in principle virtually any individual feature of claim 1 
can be omitted or replaced by at least one individual feature 
disclosed elseWhere in the application. In this respect, claim 
1 is only to be understood as an initial attempt at putting an 
invention into Words. 
What is claimed is: 
1. Composite material comprising a substrate of alumi 

num having an intermediate layer located on one side, and 
having an optically active multilayer system applied to the 
intermediate layer, the multilayer system having three layers 
including a top layer, a middle layer and a bottom layer, the 
bottom layer being a metallic layer applied to the interme 
diate layer, the top layer being a dielectric layer With a 
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6 
refractive indeX n<1.8, the middle layer being a light absorp 
tive layer having chromium as one of its constituent 
elements, and the bottom layer being selected from one of 
the group consisting of gold, silver, copper, chromium, 
aluminum and molybdenum. 

2. Composite material according to claim 1, Wherein the 
top layer is a silicon oXide layer of chemical composition 
SiOy, the indeX y indicating a stoichiometric or non 
stoichiometric ratio. 

3. Composite material according to claim 1, Wherein the 
top layer is of a chemical composition selected from the 
group consisting of MeO2, MeFr and MeNS, Where Me is a 
metal and the indices Z, r and s indicating a stoichiometric 
or non-stoichiometric ratio. 

4. Composite material according to claim 1, Wherein the 
intermediate layer is of anodically oXidiZed aluminum. 

5. Composite material according to claim 4, Wherein the 
anodically oXidiZed aluminum is electrolytically brightened. 

6. Composite material comprising a substrate of alumi 
num having an intermediate layer located on one side, and 
having an optically active multilayer system applied to the 
intermediate layer, the multilayer system having three layers 
including a top layer, a middle layer and a bottom layer, the 
bottom layer being a metallic layer applied to the interme 
diate layer, the top layer being a dielectric layer With a 
refractive indeX n<1.8, the middle layer being a chromium 
oXide layer of chemical composition CrOx, and the bottom 
layer being selected from one of the group consisting of 
gold, silver, copper, chromium, aluminum and molybdenum, 
the indeX X indicating a stoichiometric or non-stoichiometric 
ratio, a loWer layer applied to the substrate on a side opposite 
from the optical multilayer system, the loWer layer being 
anodically oXidiZed aluminum. 

7. Composite material comprising a substrate of alumi 
num having an intermediate layer located on one side, and 
having an optically active multilayer system applied to the 
intermediate layer, the multilayer system having three layers 
including a top layer, a middle layer and a bottom layer, the 
bottom layer being a metallic layer applied to the interme 
diate layer, the top layer being a dielectric layer With a 
refractive indeX n<1.8, the middle layer being a chromium 
oXide layer of chemical composition CrOx) and the bottom 
layer being selected from one of the group consisting of 
gold, silver, copper, chromium, aluminum and molybdenum, 
the indeX X indicating a stoichiometric or non-stoichiometric 
ratio, a decorative layer applied to the side of a substrate 
opposite of the optical multilayer system. 

8. Composite material according to claim 6, Wherein the 
anodically oXidiZed aluminum is electrolytically brightened. 

9. Composite material according to claim 1, Wherein the 
middle layer is chromium oXide having the chemical com 
position of CrOx, the stoichiometric or non-stoichiometric 
ratio X being in the range 0<X<3. 

10. Composite material according to claim 2, Wherein the 
stoichiometric or non-stoichiometric ratio y lies in the range 
1 i yé 2. 

11. Composite material according to claim 1, Wherein the 
bottom layer is a plurality of partial layers of at least tWo 
selected from the group consisting of gold, silver, copper, 
chromium, aluminum and molybdenum, the partial layers 
being arranged above one another. 

12. Composite material according to claim 1, Wherein the 
tWo upper layers are sputtered layers. 

13. Composite material according to claim 12, Wherein 
the sputtered layers are layers produced by reactive sputter 
ing. 

14. Composite material according to claim 1, Wherein the 
upper layers are produced by vaporiZation. 
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15. Composite material according to claim 1, wherein the 
upper layers are CVD layers. 

16. Composite material according to claim 1, Wherein the 
upper layers are PECVD layers. 

17. Composite material according to claim 1, Wherein the 
metallic layer is a sputtered layer. 

18. Composite material according to claim 1, Wherein the 
metallic layer is a layer produced by vaporiZation. 

19. Composite material according to claim 1, Wherein the 
metallic layer is a layer produced by electron bombardment. 

20. Composite material according to claim 1, Wherein the 
metallic layer is a layer produced from thermal sources. 

21. Composite material according to claim 1, Wherein the 
three layers of the optical multilayer system are applied in 
vacuum order in a continuous process. 

22. Composite material according to claim 1, Wherein the 
top layer has a thickness in the range of 3 nm to 500 nm. 

23. Composite material according to claim 1, Wherein the 
middle layer has a thickness in the range of 10 nm to 1 pm. 

24. Composite material according to claim 1, Wherein the 
bottom layer has a thickness in the range of 3 nm to 500 nm. 

25. Composite material according to claim 1, Wherein 
total light re?ectivity of the optical multilayer system is less 
than 5%. 

26. Composite material according to claim 1, Wherein 
total light re?ectivity on a side of the substrate opposite of 
the optical multilayer system is at least 84%. 

27. Composite material according to claim 1, Wherein 
total light re?ectivity of the optical multilayer system under 
a thermal load of 430° C./ 100 hours, undergoes a change of 
less than 7%. 

28. Composite material according to claim 1, Wherein 
total light re?ectivity of the optical multilayer system under 
a thermal load of 430° C./ 100 hours, undergoes a change of 
less than 4%. 
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29. Composite material according to claim 1, Wherein 

total light re?ectivity on a side of the substrate opposite of 
the optical multilayer system under a thermal load of 430° 
C./100 hours, undergoes a change of less than 7%. 

30. Composite material according to claim 1, Wherein 
total light re?ectivity on a side of the substrate opposite of 
the optical multilayer system under a thermal load of 430° 
C./100 hours, undergoes a change of less than 4%. 

31. Composite material according to claim 1, Wherein the 
aluminum of the substrate is at least 99.0% pure. 

32. Composite material according to claim 1, Wherein the 
bottom layer is more than 99.5% pure. 

33. Composite material according to claim 1, Wherein the 
material is provided as a coil. 

34. Composite material according to claim 33, Wherein 
the coil has a Width of less than 1600 mm and a thickness in 
the range of 0.1 to 1.5 mm. 

35. Composite material according to claim 34, Wherein 
the Width is about 1250 mm. 

36. Composite material according to claim 34, Wherein 
the thickness is in the range of 0.2 to 0.8 mm. 

37. Composite material according to claim 7, Wherein the 
decorative layer is a mirror coating. 

38. Composite material according to claim 6, further 
comprising a decorative layer applied to the loWer layer on 
the side of the substrate opposite of the optical multiplayer 
system. 

39. Composite material according to claim 38, Wherein 
the decorative layer is a mirror coating. 


